Recent recommendations for educational research encourage empirically tested, theory-based, completely transparent, and broadly applicable studies. In light of these recommendations, we call for a research standard and community of practice in the evaluation of technology use in the undergraduate life science classroom. We outline appropriate research methodology, review and critique the past research on technology usage and, lastly, suggest a new and improved focus for research on emerging technologies.
INTRODUCTION
No Child Left Behind Act of 2001 and a subsequent report research in education, Feuer et al. (19) put forth a list of attributes that all educational research should include, which we have summarized here: tested -ods that allow for direct and appropriate investigation of causal questions and consistently replicable of data and methodology Feuer et al. (19) go on to outline many important research community. We would like to extend this call for an established research standard and evaluate each of these attributes as it applies to the evaluation of technology use in undergraduate biology education.
cally tested
In the midst of our currently technologically saturated world, the use of technology in the classroom is a natural consequence and sometimes inescapable expectation. Many technologies are introduced as 'new innovations in teaching' even though their effect on learning has yet to be assessed. This seems especially true in the science classroom as the disciplinary boundaries between science and technology are so often blurred. Whether teachers prescribe it or students voluntarily implement it, technology is bound to make an appearance in most science classrooms, particularly at the undergraduate level, at some point in the immediate future.
technologies in the classroom is the cost of hardware and software. Indeed, Carle et al. (8) further explain that the examining the effectiveness of technology, explicating the the evidence to justify the expense. On a national level, the US Department of Education ran the program Preparing Tomorrow's Teachers to Use Technology (PT3) to encourage the use of technology in the classroom. Findings from funded projects indicated that implementation of technology was -ers who determine school and research funding rely on
The natural question that follows is, "How does technology affect the educational experience?" It is a question with which all educators and policymakers should be coneducational practices that can be empirically tested, given practices, and collaborative efforts amongst researchers. We reiterate Roblyer and Knezek's (37) agenda to ensure that studies on technology "look at technologies not as delivery systems, but as components of solutions to educational problems, and that research questions be stated in a way that the contributions of methods can be examined and tested." This leads us to the second attribute of educational research.
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As is true in all research disciplines, hypotheses should student learning of pertinent concepts, we should consider learning theories that would support the idea that formative assessment opportunities encourage self-regulation and strengthen connections in long-term memory. We should consider also the effects of assessing lower Bloom's levels versus higher Bloom's levels (13, 27, 30) .
Assessing technology use in education should follow in all disciplines. As Roblyer and Knezek (37) emphasized, educational research should focus on an educational problem. In the case of technology research, we should focus on educational problems where technology can offer a possible solution (e.g., virtual laboratory experiences to accommodate large-enrollment courses in beginning biology). Then, the question should be not "if" virtual laboratory experiences increase student learning, but "how" the Hypotheses should then be derived based on careful consideration of the relevant learning theories. For example, if virtual laboratory experiences offer the authentic (although simulated) exploration of biological phenomena that would otherwise be lacking, then, based on constructivist theory, the virtual laboratory experiences in addition to lecture should lead to greater gains in conceptual understanding than a lecture-based course without labs. The question, then, pertains to how one might go about accurately assessing such gains.
methods that allow for direct and appropriate investigation of causal questions
Educational research has received a lot of criticism for methodology (5, 33) . Some have claimed that, based on the nature of educational research, it cannot be held to the same standards (17) . We would rather agree with the position of Feuer et al. (19) : "The bottom line is that experimentation has been shown to be feasible in education route to ferreting out systematic relations between actions and outcomes."
The evaluation of technology use in science education can, and should, follow the same rigor and format of other dependent variables, isolating independent variables, recognizing and controlling for outside variables, and generating and testing theory-based hypotheses. We do, however, agree with Erickson and Gutierrez (17) , as well as Berliner (5) , that due to the complex nature of educational research with its dynamic social context, research results should be presented and received with a healthy level of skepticism and an acute awareness of the limits of these approaches.
The full disclosure of these methods
As a consequence of the complex nature of these studies, it is imperative that our methodologies as educational researchers be explicitly stated and fully disclosed. Strudler (39) , in response to Robyler and Knezek's article, emphasized that we need to pay particular attention to the surrounding circumstances of the technology implementation that worked in order to elucidate the causal mechanisms behind it. In addition, in order to broaden the applicability of our results, it is necessary to understand the dynamics of the context in which the technology was implemented.
community. Some would claim that small-scale studies testto educational practices (25) . However, we posit that with -ies can lead to the formation of new testable hypotheses concerning the causal mechanisms behind the success of certain technological implementations, given an appropriate mechanism for sharing these results.
The production of results that are broadly applicable and consistently replicable
The other solution, of course, is to design studies that produce broadly applicable results. The best way to do this, as was discussed, is to test hypotheses the support of which example, if we can show that the use of computer animations of cellular respiration lead to greater conceptual understanding, as well as transfer of the knowledge, to diagnose metabolic disease compared to the effect of students simply reading about it in the textbook, there is not necessarily a direct transfer to animations of meiosis, for example, and its transference to understanding of genetic diseases. However, if we can show that animations of cellular respiration lead to greater conceptual understanding and knowledge transfer because they appeal to more than one learning modality (i.e., both visual and auditory) directly relating to the theory of modality (3, 35) , then perhaps if the meiotic animations also appealed to both learning modalities, we could assume that these would lead to greater improvements in student understanding, as well.
In addition, studies should be run in several different settings (e.g., community colleges, liberal arts colleges, large universities) to ensure the general applicability of results. This can be facilitated by encouraging collaborations between researchers with access to different student bodies. Volume 13, Number 1 in a way that the contributions of methods can be examined and tested." But we further call for effective assessment strategies that match a common set of desired outcomes and provide generalizable data that support the usefulness of these technologies, and make a case for the expense and effort of their implementation. In Roblyer and Knezek's meta-analysis, they searched the Journal of Research on Technology in Education (JRTE) and characterized the types of studies they found. The majority of the studies (64%) focused programs, or teacher training to enhance technology use. Very few studies focused on gathering data that would support and justify the implementation of technology.
We have done a similar search, but broadened the search parameters to include all peer-reviewed publications catalogued in the ERIC database (www.eric.ed.gov) since 2000 involving the implementation of technology into the undergraduate science classroom. We have found similar trends, despite the passing of more than seven years (i.e., a distinct paucity of research studies that use legitimate assessment to gather data on the effectiveness of the technological articles including the words "biology," "technology," and "assess." This search brought up only 29 articles, of which technology in teaching biology. Of these six, only three were at the undergraduate level. We decided to expand our search parameters to include any articles using just the words "biology" and "technology" in combination. Since the year 2000, over 600 articles have been written addressing biology and technology. We did a comprehensive review -tion of a technology in an undergraduate, biology-related course. Roughly 15% (92 articles; see Appendix 1) of the articles used legitimate and obvious assessment to show the effectiveness of the technology in question. Table 1 lists a representative sample of those articles organized by their hypothesis, methodology, assessment instruments, and results (the complete list can be found in Appendix 1). What is truly troubling, however, is that of these 92 articles in which an attempt to assess effectiveness was made, only four (5%) of them reported a reliability measure for the assessment instrument used. In addition, 32 of the articles (35%) assessed only student self-reported opinions of the technology used without giving any consideration to the effect of the technology on student learning.
As Roblyer and Knezek (37) found, a majority of the 600 articles (85%) simply describe the implementation of a technology or outline the training necessary to use such technologies, with no attempt at assessment. Table  -tion . Clearly there is a need for a community of practice, a way to align our strategies and compare our results across versus the prevalence and student expectation of its use An allowance for professional review and critique of data and methodology As Feuer et al. (19) noted, the challenge of educational researchers is bringing together diverse communities to may be interpreting this attribute in a slightly different way than the original intent, but we feel it is no less important. We would like to emphasize the need for a 'community of practice' (42) to be established for the assessment of technology use in education. Due to the complexities of educational research design, it is unlikely that any single study can produce entirely generalizable results. However, with the ability to share methodologies, validate assessment instruments, compare data, and communicate with one another, we can further our understanding of the impact of these technologies. Our goals, as researchers, are shared. We are in pursuit of an answer to the question posed previously: "How does technology affect the educational experience?" -ous, more aligned, and more generally applicable.
Research on technology in education
The past to the present Our call for a community of practice will be further what has been and is being done in the research regarding technology use in undergraduate science education. As learning theories have shifted, so have the research studies based upon them. Up until the early 1980s, Behaviorist Theory dominated the literature. Studies were aimed at assessing the effects of educational implementations (including technology) on student behavior. Commonly called "media comparison" studies, research was aimed at comparing one mode of instruction (usually one utilizing technology) to another mode (one that does not utilize technology). The over time is the focus on the actual medium, rather than on the design of instruction, from which its major criticism has stemmed (40) . In fact, Clark (9, 10, 11), one of the major criticizers of this method, claimed that the media, itself, is just a "delivery truck." As the theory of constructivism began to take root in education, researchers began to shift their focus away from the media and more toward the method of instruction (see 37 and 40, for detailed reviews).
In 2003, Roblyer and Knezek (37) issued a call for a new agenda on technology in education, focusing more on the "why" behind the success of technology and looking at technology as a means to solving educational problems We reiterate Roblyer and Knezek's call and expand upon it. We agree that researchers should "look at technologies not as delivery systems, but as components of solutions to educational problems, and that research questions be stated of our studies, and 4) to share our resources as we establish valuable collaborations.
According to Bruce Alberts (2), Editor-in-Chief of Science Magazine, the goals of science education in general are explanations of the natural world…to prepare students to practices and discourse." We suggest that any research aimed at testing the effectiveness of technology use in the
The future
We suggest a new and improved focus for research on emerging technologies. We reiterate the common sense of Roblyer and Knezek's 2003 agenda to engage in theory-based hypothesis testing and to focus our research questions on technologies as answers to educational problems, but we take it a step further to suggest and strongly encourage the establishment of a "community of practice." The reasons for this are four-fold: 1) to establish a common set of desired outcomes, 2) to gather a common set of valid and reliable assessment tools, 3) to broaden the impact and applicability audiences. In other words, if an instructor wanted a teaching technique that will help students "understand the nature and might facilitate the achievement of this outcome. In order to make accurate comparisons between studies of the same or similar technologies in different venues, it is important that methodologies for measurement are comparable. This would be greatly enhanced by the establishment of a common set of assessment tools for researchers to use in assessing emerging technologies. In addition, the use of these tools in multiple settings by multiple researchers will strengthen their validity and reliin a meta-analytical fashion, between studies, to give our the expenditure, in both resources and time, of implementjustify the expense. By creating a means to amass data more easily. Instruments that have been used and are currently being used in the research are listed with each study in Appendix 1. If reliability measures were taken, they are listed. Perhaps this is a place to start in the establishment of a common set of tools.
As was argued in the previous paragraph, establishing a common set of tools and a common set of desired outcomes will allow us to share data, and help to broaden the impact of our research and extend the applicability of these techestablishing a community of practice will encourage active collaboration between researchers who otherwise may not communicate. With the advent of Facebook, LinkedIn, and other social networking sites, our ability to collaboground is sometimes challenging, and the usefulness of such social networks is often lacking. Perhaps our community of practice can be established through one of these social at assessing emerging technologies in undergraduate life science education. Members would have the opportunity to collaboratively establish common goals, create and validate common assessment instruments, share research data, draw appropriate conclusions, discuss the implications of such be applied. A preliminary site has been established at http:// biology.unt.edu/beta for this very purpose.
Erin Dolan (16) 
